New Data Source
for Studying and
Modelling the

Topside Ionosphere

ABSTRACT

The existing uncertainties about the electron density profiles in the topside ionosphere, i.e., in the height regime from
hmF2 to ~2000 km, requires the search for new data Millions of iomog; had been recorded by the ISIS
and Alouette satellites in the sixties and seveaties, that never were analyzed in terms of electron density profiles. In
recent years an effort started to to prepare the ionograms for computerized analysis.
This paper shows how the digital ionog; are pr d and the el density profiles (from satellite orbit
altitude, 1400 km for ISIS-2, down to the F peak) are calculated.

The most difficult part of the task is the gutomatic scaling of the echo traces in the ISIS ionograms.

Unlike the ionog from mod: des, the ISIS ionog do mot identify the wave polarization of the
different echo traces, so physical logic must be applied to identify the ordinary (O) and extraordinary (X) traces, and
thls is not l.lel ful. Ch J-nic r seen in the topside ionog occur at the gyro and
P q An elabonat: was d ped to identify these resonance frequencies in order to

determine the local plasma and gyrofreguencics. This information helps in the identification of the O and X traces,
and it provides the starting density of the electron density profile.

The inversion of the echo traces into clectron demsity profiles uses the same modified Chebyshev

polynomial fitting technique that is fully applied in the g d-based Digisonde metwork. The automatic
topside ionogram scaler wlth true helght algorithm TOPIST is uceeuf-lly mln; ~70 % of the ionograms. An
‘editing p ’ is avall to scale the more difficult ionograms.

The home page for the ISIS data project is at hitp:/nss / ji
provides access to, as of January 2001, 300.000 digitized ISIS jonogram data and to related software. A
lets users select data by location, time, and a host of other search criteria. The automated processing of the ISIS
ionograms will begin later this year and the electron density profiles will be made available from the project home
page. The ISIS data restoration efforts are supported through NASA’s Applied Systems and Information Research
Program.
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Saving a Unique Data Set - The ISIS Story
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SIS 1 launched in 1969 and /SIS 2 launched in 1971 were operated by NASA until
1979. then by CRC (Canada) until 1984 and finally by RRL (Japan) until 1990,
International participation - telemetry services, iongram reduction.

Instruments: Topside Sounder, VLF, EPD, IMS, SPS, RPA, Photometers

- Mayday - Mayday - (G. James, CRC) - The Candian Public Archive was getting
ready to discard the more than 100.000 Alouette and ISIS telemetry tapes

ITM Data Evaluation Panel (D. Bilitza, Chair) selects the ISIS digitization project as
its highest priority data restoration project.

Some 13,800 Alouette and ISIS analog telemetry tapes were selected and shipped to
GSIEC. All but an additional ~ 4000 selected tapes have been destroyed.

Processing begins; Analog tapes are read and digitized (R. Benson, PL GSIFC) and
made online available fromNASA’s National Space Science Data Center (NSSDC).

Topside Tonogram Scaling and True Height Algorithm (TOPIST) soltware developed
for automated scaling and inversion of IS1S ionograms.

TOPIST processing of the more than 300,000 digitized ISIS-2 ionograms begins

« Global mapping of the topside ionosphere over more than a solar cycle »




Digitization of ISIS lonograms at GSFC

Sistem Used: The digitization system uses a 486-based Prog ble Tek y P (PTP), an A/D converter
board and s software device driver compatible with the OS2 operating system used by the PTP. During the A/D operation,
ionogram frame sync pulses are identified, fiagged and the corresponding PB4 time code is determined. The PB4 time code is
the output of a time-decoder card which ives the NASA 36-bit time code (added at the telemetry station) as the input. The
ionogram line sync pulses are also identified and flagged. These line-sync flags are used to identify the start of columns for

data arrays used to generate digital ionograms. The flags are stripped off during the process of setting up these arrays.

*RATE/VOLUME ¢ Since processing started in 1996 ISIS-2 ionograms have been digitized
at a rate of 5000 per month (7 GBytes) producing, as of December 2000, a total of more
than 300,000 ionograms and a total data volume of 450 GBytes.

Data Products:

* Ionogram (3.75 km apparent-range (full) resolution), orbit parameter, OS2 binary

The digitized der data ists of 8-bit iver-amplitude values collected at a 40 kHz (0.025 ms) rate and the related echo
times and freq ics. The frequency of each der pulsc is determined from a 3rd degree interpolation between the times of the
frequency markers as identified in the sounder video during the A/D operation.

* lonogram (15 km apparent-range (standard) resolution), orbit parameter, OS2 binary

This data set is an average over four of the ‘full’ resolution data points. Typical size is 250-500 Kbyte, whereas the full ionograms
require typically 1-2 Mbytes.

* Header files, one per pass/tape, pass information and headers for all pass ionograms, ASCII

* PCM, Puise Code Modulation, one per pass, OS2 binary

Consists of header, time, Automated Gain Conirol, frequency-marker information and data from all other instruments.

Data, Software, and SearchPage

L - Available Online from NSSDC:
= —— W"""? - All digitized ISIS ionograms (full and sta. res.), OS2 binary
! - All sta-res. ionograms in CDF format (created at NSSDC)

‘t - The header files, ASCII (PCM files are stored offline)
oy, = ‘____.?,_.,-—- A Webinterface for searching for specific times, locations
; and other criteria (developed by R. Benson and team)
- An interactive scaiing and inversion program (R. Benson)
- The Worldmap program for computing orbit parameters
- A selection of ionogram (about 1/10) is available for

viewing on CDAWeb (plans for making all data available)

Total number of passes: 9,854
Total number of ionograms: 302,809
Total data volume (all files): 457 GB
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A Digitized ISIS Tonogram
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PROCESSING PROCEDURE

Reading Ionogram Data File

Full or average ionegrams, OS2 binary

Nonse Filtering
for each frequency lime
Tn“mumw mdﬂtrﬂlﬂl(bﬂhdﬂull‘ for the far range) and the smaller is selected as noise threshold

Identification of Resonance and Cutoff Frequencles

Flive-frequeacy comb windew with Ns as a free variable; Slide along frequency axis and find
Mm-u-mmmh¢~uwhum¢m‘

Modeling the F layer peak

foF2 and hmF2 values are calculated from URSI and CCIR coefficients and serve as guide for the auto-scaling
Ground returns, if sbserved, are used as one beuadary for the peak search

* Automated Scaling of Traces
Fiad potcstial trace poiats for cach frequency line soing thelr and length to neigh
Flad optimal i of and o- and x-traces using a family of generic functions
* Inversion to Electron Densnty Profiles
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Noise-filtered lonogram
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Finding Resonance and Cutoft Frequencies
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Automatic Scaling ol Traces

 Determine the possible trace points for each frequency line
and get the the connection length to the nearest neighbors.

* Select the most likely points for inversion and identify the
polarization (O/X) using an iteration technique.

 Select the best set of resonance and cutoff frequencies

— Principle: Minimize the inversion error (error per point) for the largest
possible set of trace points

« Fit generic function to trace

Fitting generie function (o trace
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FILE NAME: 782220639 16KWA_AVG_ISIS2TOPS_24S.0S2BIN
SATELLITE: ISIS-2 ALTITUDE (km)=1370.923
LOCATION: GG LatitudeAongitude (Deg)=-19.787 / 165.764
UT TIME: 06:39:16 Year/Day=1978/222 Month/Day= 08 /10
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Electron density profile Auto-traces Ground echo

Inversion of traces to electron
density profiles

The apparent range p’ for the freq ies f, ing an electron density N(z):

ki = ’ 4 group index of refractive media
p (/]‘() = ‘[ ﬂ [N(Z)’fk’ ﬁ(Z)’ @(Z)] dZ Zﬂ:zi):p g)n';t;fequemy

Defining a reduced frequency:
and new variable

f];z Jor O-trace 3 f'i _ j]\ﬂ (Z)
f ,k = f}cz S f]‘( * fH Jfor X-trace 4 —Tvi:—fﬁ;—
f];z 'f]} * fH Jor Z-trace
S=/NZ)

Assume that Ne(h) can be represented with [ hebyshev polynomials:

Z=4,+g" S AT (g), with g=In(/N/N,)n(N/N,,)




Linear Equations for Coetticie

* The best coefficients in a least squares sense are

found by minimizing the error
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TOPIST Performance

Test data: ~800 digital ISIS-2 ionograms
Current algorithm performance:

—  ~70% of manually scalable ionograms are successfully autoscaled

Auto-scaling failures are caused by:
— Severe spread
— Data missing for a large frequency interval
—  Existence of unidentified traces (oblique?)
— Incorrect identification of resonances

Inversion errors:
— lll-conditioned: No coefficients found
—~  Non-monotonic profile found
—  Non-reasonable peak height found (<200km)

Propagation modes:

—  The current TOPIST assumes that fH/f<1 (for ISIS-2 sounding) and both O and X modes exist. The Z-
trace is recalculated

Future Plans

» TOPIST testing and refining with a large
number of ionograms from high and low
latitudes.

 Routine processing of the more than
300,000 digitized ionograms into electron
density profiles
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Treasure chest for ionospheric modeling
- International Reference Ionosphere -

*IRI topside profile is based on ~ 40,000 profiles from Alouette 1
eInversion of the now digitized ~ 300,000 iongrams will more
than quintuple the current holdings of topside electron density
profiles

*Better ionospheric predictions for high solar activities.

*Better understanding of the plasma processes in the high
latitude and low latitude topside.

11




